Featured Application: The application of this research aims to provide an effective indicator system and evaluation method of energy saving and emission reduction effects for current electricity retailers in China, and give the specific directions for the electric power industry to adopt energy saving and emission reduction actions.
Introduction

Research Background and Significance
The transformation and upgrading of China's energy structure requires all walks of life to take an active part in energy saving and emission reduction, in order to cope with climate changes and work together to fulfill the national commitment to energy saving and emission reduction. As one of the most important component in the energy industry, the electric power industry is also bound to be involved in the energy saving and emission reduction actions, which aims at developing the way of low-carbon electricity vigorously to have the environmental pollution cut down and improve the energy efficiency utilization. At present, with the further development of the new round of electric power reform, the electricity sale side forms a market structure with the electricity retailers as the main competitive players. To push for the energy saving and emission reduction process in the electricity sales side, it is necessary to combine the multi-party policy documents. Namely, to analyze important documents in three aspects of the electric power reform, energy planning transformation, and carbon market construction issued by government departments. The attention to these policy documents should be placed on the following two points. Firstly, the current reform reflects the necessity of setting up electricity retailers in China's electricity sales market. Secondly, all three have released the signal of new energy development in the market. To achieve green power as the long-term goal of China's electric power industry, market players should actively participate in energy saving and emission reduction at this stage. Therefore, in the research on the energy saving and emission reduction effects for current electricity retailers in China, it is possible to make a reasonable assessment by combining the policy documents closely and understanding the market development orientation, which helps to provide guidance for electricity retailers to improve the effects to enhance the competitiveness and achieve long-term development by taking timely actions.
Research Status
At this stage, domestic and foreign scholars have conducted numerous researches on the energy saving and emission reduction of the electric power industry in China. On the one hand, some researches laid particular emphasis on the power production technologies and power equipments [1] [2] [3] [4] , qualitative assessment and quantitative analysis were carried out to evaluate the impact on energy saving and emission reduction by improving and applying those technologies and equipments.
Liu [1] analyzed the effects of energy saving and emission reduction for electric systems while using high-voltage frequency conversion technology, which proved that the appliance of this technology can help power plants to achieve a high-level energy saving. Jiang et al. [2] conducted the assessment of the effects of central heating supplied by large coal-fired power unit and then put forward relative measures to improve the energy efficiency. Lu et al. [3] researched on the effects after the application of advanced equipments in the fields of power transmission and transformation. The use of switching equipment to achieve energy saving and emission reduction was put forward. Luo and Ya [4] proposed to realize the saving and emission reduction in the electric power industry through resource optimization configuration technology and implemented corresponding actions at the strategic level.
On the other hand, most researches focused on the use of different comprehensive evaluation methods to assess the energy saving and emission reduction effects for the power plants [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and power grid companies [15] [16] [17] [18] .
Xu and Zeng [5] established an evaluation indicator system of energy saving and emission reduction technologies form the resource and energy consumption, pollutant discharge, economic benefits, and technical performance. Next, the interval-value comprehensive method was selected to assess the effects. Chen [6] selected evaluation indicators according to the subsystems of energy saving and consumption reduction, pollutant discharge reduction, energy saving, and emission reduction relations of thermal power companies, then conducted the assessment. Cao et al. [7] built an indicator system mainly reflected the actual production status of thermal power plants and evaluated the energy saving and emission reduction effects through grey correlation analysis method. Wang and Xie [8] chose the technical indicators of biomass power generation to finish the assessment. Li et al. [9] designed an evaluation indicator system for thermal power companies from two perspectives of energy saving and pollutant reduction. The effects were assessed based on entropy-weighted extentic method. Jia et al. [10] adopted the way that combined factor analysis and DEA (data envelopment analysis) to analyze the energy saving and emission reduction effects of power generation enterprises. During the process of evaluating energy saving and emission reduction performance of power generation companies, Zhang [11] established the indicator system from six dimensions, including energy resource utilization, pollutant discharge, and efficiency improvement, etc. It also put forward the evaluation model based on network-level analysis method and improved gray clustering decision-making. The evaluation indicator system that is proposed by Bo et al. [12] includes aspects, such as coal saving, electricity saving, water saving, and pollutant discharge, which could evaluate the status of emissions reduction of coal-fired power plant more comprehensively. Cao et al. [13] utilized the indicators of consumption and emissions to have an integrated evaluation for power plants, which was carried out by means of entropy weight based on fuzzy matter element model. Ding et al. [14] studied on the benefits of energy saving and emission reduction sides for domestic small hydropower ecological protection projects through econometric models. Zhou [15] put forward projection pursuit based on AHP (analytic hierarchy process) to construct an assessment model. Coal-fired electricity replacement, grid losses, and pollutant emissions were considered for regional power grids. Zeng et al. [16] analyzed the effects of power grid enterprises from three angles, followed by the generation side, supply side, and demand side, which reflects the dedication of energy saving and emission reduction under different perspectives. Liu [17] researched on the contribution to energy saving and emission reduction not only form power grid enterprises, but upstream companies and downstream users. To evaluate the potential of energy saving and emission reduction for the regional power grid, Wu et al. constructed three types of indicators, including power flow, power supply structure, and technology economy [18] .
From the above research status, we can know that the quantitative indicators of energy consumption, wastewater discharge, and exhaust pollutant emissions are often determined to establish the indicator system of the energy saving and emission reduction effects in most previous studies. However, the indicator system established only based on these aspects is the lack of timely interpretation of new policies. The selection of evaluation indicators needs to be further combined with qualitative indicators that are closely related to policies. The evaluation indicator system of the energy saving and emission reduction effects still needs to be improved. These qualitative indicators refer to the difficulty of obtaining accurate data, or need to be considered form several aspects together as a whole, which still reflect the energy saving and emission reduction effects of companies in many ways. For example, the responsiveness to energy planning and market reform, the execution of participation in carbon market construction and the extent to which relevant knowledge is imparted to employees. Simultaneously, research objects of the energy saving and emission reduction effects are concentrated on power technologies or equipments, power plants, and power grid companies. In addition to the above studies, references [19] [20] [21] also explored the energy saving and emission reduction benefits brought by the improvement of coal-fired power plant boilers and steam turbines. Reference [22] analyzed the impact of the application of distributed generation and micro grid technology on the effects of power plants. Reference [23, 24] studied the implementation path of energy saving and emission reduction for power generation companies and the management measures of power grid companies, respectively. While there are few studies on the evaluation in the electricity sales side. Therefore, the scope of evaluation of the energy saving and emission reduction effects needs to be further expanded.
The fuzzy comprehensive evaluation method is widely used to assess objects with ambiguity. Reference [25] constructed a model combining fuzzy evaluation with AHP. In [26] , the fuzzy evaluation based on ISM-AHP (interpretative structural modelling method and analytic hierarchy process) was applied to build a multi-level hierarchical interpretation structure model for quantitative analysis. Reference [27] combined the fuzzy min-max method with the defuzzified centroid method to establish a logic system. In [28] , the improved interval number was used for ANP (analytic network process). On this basis, the fuzzy comprehensive evaluation model was proposed to effectively solve the problem of information loss and data fluctuation. It can be seen that in order to improve the objectivity of this method, a certain number of researches have corrected the weights of indicators by combining different methods.
Main Research Contents
The research contents of this paper are mainly divided into six parts. In the first part, the influence of policy opinions on the energy saving and emission reduction actions on the sales side is arranged, the status of energy saving and emission reduction is analyzed, and the future development trend is prejudged from the view of China's new electric power reform, energy planning and transition, and carbon market construction, which provides guidance for the selection of evaluation indicator system of the energy saving and emission reduction effects for electricity retailers in China. In the second part, the energy saving and emission reduction effects of electricity retailers are set as the total evaluation target. Qualitative and quantitative indicators are chosen from five dimensions of market transactions, technical means, integrated energy services, management system, and social responsibilities. Then, the three-level evaluation indicator system of the energy saving and emission reduction effects for electricity retailers is constructed. In the third part, the indicator hierarchy is firstly classified and subjective weights of indicators are determined by AHP. Next, objective weights are determined based on the entropy weight method, in which the method is used for modifying the subjectivity of AHP. At last, combination weights of the evaluation indicator system are gained. In the fourth part, a fuzzy evaluation model on the basis of the combination weighting method is proposed to evaluate the energy saving and emission reduction effects for electricity retailers. In the fifth part, the example analysis proves that both the evaluation indicator system and the evaluation model based on fuzzy combination weighting method put forward in this paper can make a reasonable and scientific evaluation of the energy saving and emission reduction effects for electricity retailers in China. In the sixth part, conclusions are summarized to reflect the main innovation and the value of research in this paper.
Present Situation and Development Prospect Analysis of Energy Saving and Emission Reduction in China's Electric Power Industry
Overview of Relevant Policy Guidance in the Electric Power Industry
In recent years, China has been committed to accelerating the economic restructuring and development mode transformation, advocating efforts to develop green and low-carbon industries to support the economic development while achieving energy conservation and emission reduction. During this period, the government issued relevant policy documents to guide the work orientation for various industries to accelerate the pace for several times.
Since 2008, China has entered the energy transformation. In recent years, the increasingly severe energy environment situation has also made a strong call to the whole society to actively take part in energy saving and emission reduction, which helps to accelerate the process of energy transition. Due to a series of problems, such as large energy consumption, low energy conversion efficiency, and serious environmental pollution, the electric power industry has always been the focus of energy upgrading, conservation and emission reduction [29] .
In 2015, China launched a new round of electric power reform. A diversified market players represented by electricity retailers was formed in the sales side market. In 2016, China issued a number of special plans on energy to accelerate the national transformation and upgrading of energy resources, including the electric power industry. In September of the same year, China officially became the 23rd performing party of the Paris Agreement. It measured whether it has implemented its commitment to address climate change through five major indicators, including carbon intensity, energy structure, forest reserves, carbon market pilot reform and support strength for developing countries. Obviously, the green and low carbon development is set as an important part of its ecological civilization construction. At the end of 2017, the construction of carbon emissions trading system on a national scale was officially launched. The development of a green and low-carbon economy was promoted through a reasonable market mechanism to control and reduce greenhouse gas emissions. Then, the Chinese Certified Emission Reduction projects (CCER) would be added to help companies to achieve the transition from high carbon emissions to low carbon development. The carding of multi-party documents that relevant to electric power reform and energy planning during the 13th Five-Year Plan in China is shown in Figure 1 . The full interpretation of these documents will help market players in the electric power industry make a respond to the latest policies in time, take concrete measures to implement energy saving and emission reduction actions and take every effort to achieve their own environmental targets. ecological civilization construction. At the end of 2017, the construction of carbon emissions trading system on a national scale was officially launched. The development of a green and low-carbon economy was promoted through a reasonable market mechanism to control and reduce greenhouse gas emissions. Then, the Chinese Certified Emission Reduction projects (CCER) would be added to help companies to achieve the transition from high carbon emissions to low carbon development. The carding of multi-party documents that relevant to electric power reform and energy planning during the 13th Five-Year Plan in China is shown in Figure 1 . The full interpretation of these documents will help market players in the electric power industry make a respond to the latest policies in time, take concrete measures to implement energy saving and emission reduction actions and take every effort to achieve their own environmental targets. 
Analysis on the Development Direction of Energy Saving and Emission Reduction
First of all, the new electric power reform has opened the sales side. On the one hand, the potential huge interests in the electricity sales market attracts diversified capital to form a sales company to participate in the fierce competition. By the end of 2017, the number of electricity retailers in China that have been publicized has reached more than 3200, and, as a result, a multi-competition 
First of all, the new electric power reform has opened the sales side. On the one hand, the potential huge interests in the electricity sales market attracts diversified capital to form a sales company to participate in the fierce competition. By the end of 2017, the number of electricity retailers in China that have been publicized has reached more than 3200, and, as a result, a multi-competition pattern dominated by electricity retailers has been formed in the sales market. On the other hand, the release of dividends in the new energy field has also been driven by this reform. In order to satisfy the ever-increasing electricity demand in the market, electricity retailers need to carry out the value-added services other than the purchase and sale business, and build an integrated service platform to transform into integrated energy service providers. Secondly, with the gradual advancement of energy transition during the 13th Five-Year Plan period in China, it is set to control the total energy consumption to within 5 billion tons of standard coal by 2020 and promise to achieve a 65% reduction in emissions by 2030. The goal requires that the electricity development must conform to the concept of low-carbon economy. Therefore, as a member of the main body in the sales market, electricity retailers should actively respond to the optimization and transition of energy structure, establish a low carbon energy system, implement its own energy saving and emission reduction actions and strive to build companies with leading and first-class integrated energy services. Thirdly, the beginning of the national carbon market construction has also brought new opportunities for electricity retailers. Electricity retailers can enter the carbon market to act as agents for carbon trading with huge data resources and rich market trading experience, which will support the comprehensive construction of the carbon market and effectively stimulate the energy saving and emission reduction potential for other enterprises.
With the background of the new electric power reform, energy planning and development, and the carbon market construction, it is an inevitable trend for China's electric power industry to insist the low-carbon opinions and promote energy saving and emission reduction. As an indispensable group on the road of energy saving and emission reduction, electricity retailers should take measures on market-oriented transactions in the sales side, related technology development, integrated value-added services, internal management, and social responsibilities, which improves core competitiveness and accelerates the transformation into the integrated energy service providers to help the realization of energy saving and emission reduction goal in China.
Selection of Evaluation Indicators of Energy Saving and Emission Reduction Effects for Electricity Retailers in China
To begin with, we consider the background of the electric power system reform, energy structure transition and optimization, and the current carbon market construction status in this paper. After that, the evaluation indicator system is proposed according to the principles of scientificalness, comprehensiveness, systematicness, feasibility, and comparability [30] , in which the energy saving and emission reduction effects of electricity retailers are regarded as the overall evaluation goal. Meanwhile, five evaluation criteria are selected based on those policy documents, including market transactions, technical means, integrated energy services, management system, and social responsibilities. To further refine the five criteria, we have determined more detailed three-level indicators. Not only consider the relevant businesses that have operated by some electricity retailers, but the availability of data. Finally, the three-level evaluation indicator system is built, as displayed in the following Figure 2 . Th meaning of some indicators is shown in Appendix A. The selection of evaluation indicators meets the combination of qualitative and quantitative indicators. Among them, the selection of qualitative indicators is supported by the latest policy orientation, which has a strong practical significance for electricity retailers in China.
If only one complete system is used, the evaluation can only be studied from a global perspective. Therefore, the classification of the indicator system into three levels is to conduct a multi-level evaluation of the energy saving and emission reduction effects for electricity retailers. As a result, the weight structure distribution of different levels can be obtained one by one and the importance ranking results of the next level indicators to the upper are obtained, simultaneously. On the basis of the distribution results, electricity retailers can take measures to improve the energy saving and emission reduction effect from the individual indicators and avoid useless costs. 
Determination of Indicator Weights Based on Combination Weighting Method
Preprocessing of the Evaluation Indicators
We chose the Delphi method to quantify qualitative indicators. Several experts complete the scoring process according to the uniform criteria. Suppose that M is the number of experts and i k S is the score of the qualitative indicator k assessed by expert i . After the scores of all the experts are finished, the quantified score k S of indicator k is given, as follows:
In order to eliminate the influence of units, types, and economic implications of different indicators on the evaluation results, the raw data of evaluation indicators needs to be preprocessed firstly. Suppose that 0 ij x is the indicator original value. Then, the normalization of benefit type and cost type indicators is given, as follows: 
Determination of Indicator Weights Based on Combination Weighting Method
Preprocessing of the Evaluation Indicators
We chose the Delphi method to quantify qualitative indicators. Several experts complete the scoring process according to the uniform criteria. Suppose that M is the number of experts and S i k is the score of the qualitative indicator k assessed by expert i. After the scores of all the experts are finished, the quantified score S k of indicator k is given, as follows:
In order to eliminate the influence of units, types, and economic implications of different indicators on the evaluation results, the raw data of evaluation indicators needs to be preprocessed firstly. Suppose that x 0 ij is the indicator original value. Then, the normalization of benefit type and cost type indicators is given, as follows:
where x ij is the normalized value. We have the normalization matrix X * , as follows:
where n is the number of evaluation indicators and m is that of evaluation schemes. i = 1, 2, · · · , n, j = 1, 2, . . . , m.
Analytic Hierarchy Process
Analytic hierarchy process (AHP) is often used to obtain the subjective weights of indicators. It is an evaluation method that combines quantitative and qualitative analysis with the advantage of simple calculation. In general, the overall hierarchy is divided into the target hierarchy, program hierarchy, and criterion hierarchy to make problems more rational when using AHP to make decisions [31, 32] . The process of determining subjective weights through AHP is shown, as follows:
Divide the hierarchy of indicators
In this paper, the specific hierarchy division of the indicator system is shown in Table 1 .
Construct the pairwise judgment matrix between hierarchies
The nine-level scale method is applied to compare the elements in pairs. The meaning of the scale a ij of 1 to 9 is given in Table 2 , as follows.
The judgment matrix A is defined, as follows:
Hierarchical single arrangement and consistency check Hierarchical single arrangement refers to calculating the maximum eigenvalue λ max of the single-layer judgment matrix and the corresponding eigenvector ξ. The normalized ξ is used to get the ranking weights of each indicator at the same level when compared with the importance of a certain indicator at the previous level. The formula for determining λ max and ξ is given in Equation (4) .
The procedure of consistency check for the constructed judgement matrix is shown, as follows:
(1) Calculate the consistency indicators CI
where r is the order of the judgment matrix. (2) Determine the average random consistency indicator RI After 1000 times repeated calculations through the order from 1st to 15th, the value of RI is measured in Table 3 [33] .
(3) Calculate the consistency ratio CR CR = CI/RI
A consistency check is the way to determine whether the consistency of judgement matrix is within a reasonable range by checking the values of CR. When CR < 0.1, the judgment matrix is considered to have passed the consistency check, otherwise it needs to be properly corrected. Table 2 . The 1-9 degree scale implications of analytic hierarchy process (AHP).
Scale Values Implications of a ij
The middle value of the above two adjacent scale judgment Reciprocal Ratio of the importance of indicator j to indicator i 
Entropy Weight Method
Entropy weight method is a common method for calculating the objective weights of indicators. It reflects the ability of evaluation objects to provide effective information by determining the relative proximity [34, 35] . Weights that are given by the subjective weighting method can be adjusted and corrected by means of entropy weight method, which improves to get the scientific and accurate evaluation results. The determination of the objective weights of indicators based on entropy weight method is shown, as follows:
1.
Construct the standardized judgment matrix
The standardized judgment matrix constituted by the pre-processed indicator data is X * .
Measure the information entropy
The total number of evaluation objects is m and that of indicators is n. Then the information entropy H i of indicator i is calculated, as follows:
where x ij is the normalized value. When f ij = 0, there is f ij ln f ij = 0. The objective weights of indicators are given by Equation (10) .
where 0
Determination of the Combination Weight
In the practical application of AHP, it is difficult to completely reflect the actual situation of the evaluation objects only based on subjective experience, which may lead to the final evaluation results deviating from reality and have certain limitations. In reference [26] , the ISM-AHP combination weighting method is applicable to systems with many variables and unclear structures, but the structural relationship formed is too complicated. In the evaluation with a small number of variables, the difficulty is increased. In reference [36] , multiplication is applied to connect the subjective and objective weights, which can improve the ability to reflect information of data to a certain extent. In reference [37] , integration weights of indicators are defined according to AHP and entropy weight method, as displayed in Equation (11) .
where w 1 i and w 2 i are the indicator weights that are based on AHP and the entropy weight method, respectively. The integration weights still have partial subjectivity through this method, because the assignment a is determined by expert scoring method. While in this paper, after determining the subjective weights by AHP, the information entropy H i is introduced to eliminate the subjectivity in the evaluation process so that the information of original data can be fully utilized, and the reliability of evaluation results can be effectively improved. The combination weights of evaluation indicators are given, as shown in Equation (12) .
where m ∑ i=1 w i = 1, w 1 i , and w 2 i are the indicator weights that are calculated by AHP and the entropy weight method, respectively.
Construction of Fuzzy Comprehensive Evaluation Model
Basic Theory of Fuzzy Comprehensive Evaluation
On the basis of fuzzy mathematics, the fuzzy comprehensive evaluation assesses objects through fuzzy transformation and the principle of maximum membership degree, is widely used in management science, economic, and environmental evaluation. Fuzzy evaluation can be used to quantify qualitative indicators, which has strong systematicness and it greatly reduces the subjectivity in the evaluation process, and is suitable for the evaluation of non-deterministic problems [38] [39] [40] [41] .
Construction of Fuzzy Comprehensive Evaluation Model Based on Combination Weighting Method
1.
Decide the factor set and evaluation set Assume that N is the number of single factors belonging to the same level, u i (i = 1, 2, · · · , N) is the evaluation factor, U = {u 1 , u 2 , · · · , u N } is the factor set, n is the rating level, v j (j = 1, 2, · · · , n) is the evaluation rating standard, and V = {v 1 , v 2 , · · · , v n } is the determined evaluation set. Five levels for the evaluation of energy saving and emission reduction effects for electricity retailers are confirmed in this paper, namely, V = {Excellent, Good, Moderate, Poor, Extremely poor}. H = {5, 4, 3, 2, 1} is the corresponding scale.
2.
Construct the fuzzy relation matrix
The fuzzy relation matrix is also called the membership degree matrix, in which r ij represents the relationship of the membership degree between the evaluation factor u i and the corresponding evaluation level v j . In this paper, the membership degree is determined by the Delphi method. When considering the construction of the indicator system and the impact of specific indicators on the energy saving and emission reduction effects of electricity retailers, experts judge these indicators to determine the membership degree. The fuzzy vector R i formed by the evaluation factor u i is defined in Equation (12) .
where 0 < r ij < 1. The fuzzy relation matrix R composed of n elements is shown in Equation (13) .
3.
Determine the result set of fuzzy evaluation
In order to make the best of all the information of the matrix, the M(·, ⊕) operator is selected to determine the fuzzy judgment result set B. The calculation of fuzzy judgment is given by Equation (14) .
where w is the combination weights of the evaluation indicators given through AHP and the entropy weight method.
Determine fuzzy comprehensive evaluation results
In accordance with the principle of maximum membership degree, the energy saving and emission reduction effects of electricity retailers are classified into the corresponding evaluation levels based on the fuzzy evaluation results.
In order to conduct a further assessment of the overall energy saving and emission reduction effects of electricity retailers, multi-level fuzzy evaluation should be carried out after obtaining the single-level fuzzy comprehensive evaluation results. In the light of the principle of maximum membership degree, the level of the maximum membership degree is the final evaluation level of the energy saving and emission reduction effects of the evaluated electricity retailers.
The evaluation process of energy saving and emission reduction effects for electricity retailers based on fuzzy combination weighting method constructed in this paper is as shown in Figure 3 . 
Example Analysis
In this paper, ten electricity retailers that numbered from A to J are selected as the evaluation objects. The energy saving and emission reduction effects of these five electricity retailers are evaluated based on the fuzzy combination weighting method. Firstly, qualitative indicators are qualified by experts according to Equation (1) with interval scores of [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] points. These experts come from some of the electricity retailers that have been carrying out relevant business activities in accordance with the policy orientation, who obviously have many years of experience in the electric power industry. They also have a deep understanding of the electric power reform, energy transformation, and carbon market construction process and they hold reasonable opinions.
Since the selected evaluation indicators are all benefit types, the raw data of all the indicators are first normalized according to Equation (2) . The processed data is displayed in Table 4 . Table 4 . Normalized data of energy saving and emission reduction effects evaluation indicators of electricity retailers. 
Three-Level Indicators Electricity Retailers
Example Analysis
Since the selected evaluation indicators are all benefit types, the raw data of all the indicators are first normalized according to Equation (2) . The processed data is displayed in Table 4 . 
Single-Level Fuzzy Comprehensive Evaluation
(1) Determine the subjective weights Firstly, the subjective weights of different levels of indicators are determined based on AHP. By consulting experts' opinions, the pairwise comparison judgment matrix is constructed. Then, the maximum eigenvalues and corresponding eigenvectors are solved according to Equation (4) . The weights of the evaluation indicators are obtained by normalizing the maximum eigenvectors, as displayed in Table 5 . It can be seen from Table 5 that weights of the criterion hierarchy indicators that are determined by AHP have passed the consistency check. In the same way, the consistency check of weights of the program hierarchy indicators are conducted. There are λ max = 5.3839, CI = 0.096, CR = 0.0857 < 1, as a result, the consistency check is also passed.
(2) Determine the objective weights
The normalized judgment matrices are constructed from the normalized data, and the standardized judgment matrices are processed according to the Equations (7)- (10) by the entropy weight method. The objective weights of evaluation indicators are shown in Table 6 . AHP and entropy weight method are used synthetically to determine the subjective weights and objective weights of the indicators, respectively. The combination weights of indicators are given by Equation (12) with the results, as shown in Table 7 . Table 7 . Combination weights of energy saving and emission reduction effects evaluation indicators of electricity retailers. According to the distribution results of weights, we see that the importance ranking results of the two-level indicators to the energy saving and emission reduction effects of electricity retailers are followed by integrated energy services, technical means, market transactions, social responsibilities, and management system. It can be seen from the above that the level of integrated energy services has the greatest impact on the energy saving and emission reduction effects for electricity retailers among the two-level indicators, while the management system has the worst. To explore the impact of the three-level indicators on the two-level, the analysis results are as follows.
Single-Level Indicators
Two-Level Indicators
Three-Level Indicators
Weights of Energy Saving and Emission Reduction Effects Indicators of Electricity Retailers
AHP
From the perspective of market transactions, the most important indicator is the ability to obtain allowances for the carbon market trading spreads as an agent, while the least important is the reasonable degree of electricity price setting. From the perspective of technical means, the most important indicator is the investment in research of energy saving and emission reduction technologies, while the least important is the construction level of monitoring platform for energy saving services. On the integrated energy services side, the most important indicator is the output value of energy management contract projects, while the least important is the construction scale of charging facilities for electric vehicles. However, the importance of the four three-level indicators included is not much different. From the view of the management system, the indicator of implementation of energy saving and emission reduction rules of employees is obviously more important than the energy saving and emission reduction policies of electricity retailers. From the perspective of social responsibilities, the indicator of completion rate of the annual energy-saving emission reduction target is obviously more important than the propaganda of low-carbon economic awareness.
The importance ranking of indicators is beneficial to the electricity retailers to take measures from a single aspect in the future, in order to achieve an effective improvement of their energy saving and emission reduction effects with relatively small investment. One can observe that the single-level fuzzy comprehensive evaluation can analyze the energy saving and emission reduction effects for the five electricity retailers in the aspects of market transactions, technical means, integrated energy services, management system and social responsibilities. On the basis of the principle of maximum membership degree, the evaluation levels of energy saving and emission reduction effects for electricity retailer A to J from a single dimension are shown in Table 9 . One can observe that the single-level fuzzy comprehensive evaluation can analyze the energy saving and emission reduction effects for the five electricity retailers in the aspects of market transactions, technical means, integrated energy services, management system and social responsibilities. On the basis of the principle of maximum membership degree, the evaluation levels of energy saving and emission reduction effects for electricity retailer A to J from a single dimension are shown in Table 9 . 
Two-Level Fuzzy Comprehensive Evaluation
The fuzzy relation matrices R of the two-level indicators are constructed based on B 1 , B 2 , B 3 , B 4 , B 5 that are determined in the single-level evaluation. Then set {100, 80, 60, 40, 0} as the evaluation scores corresponding to V = {Excellent, Good, Moderate, Poor, Extremely poor}. Table 10 shows the final scores of the overall energy saving and emission reduction effects of electricity retailers, which are obtained through the quantization of evaluation levels. It can be seen form the above, the final fuzzy evaluation levels of the ten electricity retailers' energy saving and emission reduction effects that are determined by the principle of maximum membership degree are followed by Moderate, Poor, Extremely poor, Good, Moderate, Poor, Moderate, Moderate, Good, and Good. The comprehensive evaluation scores of the ten electricity retailers are obtained by quantifying evaluation levels. As shown in Figures 5 and 6 , among them, the comprehensive evaluation score of electricity retailers D is 72.41, which has the best energy saving and emission reduction effects. Combined with the results of single-level fuzzy evaluation, the company D needs to continue to strengthen actions in market transactions and integrated energy services to improve its energy saving and emission reduction effects. Electricity retailers C has the worst energy saving and emission reduction effects with the scores of 32.028. The company C has fulfilled social responsibilities better to promote the energy saving and emission reduction. However, from a holistic perspective, the main reason for the poor performance of energy saving and emission reduction effects of electricity retailer C may be that there are great problems in the two aspects of technical means and integrated energy services, and there is still room for improvement in market transactions and management system. It can be seen form the above, the final fuzzy evaluation levels of the ten electricity retailers' energy saving and emission reduction effects that are determined by the principle of maximum membership degree are followed by Moderate, Poor, Extremely poor, Good, Moderate, Poor, Moderate, Moderate, Good, and Good. The comprehensive evaluation scores of the ten electricity The comprehensive evaluation scores It can be seen form the above, the final fuzzy evaluation levels of the ten electricity retailers' energy saving and emission reduction effects that are determined by the principle of maximum membership degree are followed by Moderate, Poor, Extremely poor, Good, Moderate, Poor, Moderate, Moderate, Good, and Good. The comprehensive evaluation scores of the ten electricity The comprehensive evaluation scores 
Conclusions
In this paper, firstly, we discuss the research vacancy at home and abroad on the evaluation of energy saving and emission reduction effects in China's electricity industry. On the basis, electricity retailers emerged on the sales market are treated as the research objects. Then, key indicators are screened to construct the corresponding evaluation indicator system by interpreting the multi-party policy documents that are related to the electric power reform, energy transformation, and carbon market construction. Secondly, AHP and entropy weight method are grouped together to obtain the modified weights of indicators and the model is established based on fuzzy comprehensive evaluation theory. Thirdly, the multi-level fuzzy comprehensive evaluation of energy saving and emission reduction effects for electricity retailers is conducted in accordance with the principle of maximum membership degree, a total number of five levels are reserved for the effects, including Excellent, Good, Moderate, Poor, and Extremely poor. Through the single-level fuzzy comprehensive evaluation, the energy saving, and emission reduction effects for electricity retailers in five aspects of market transactions, technical means, integrated energy services, management system, and social responsibilities are obtained. Through the two-level fuzzy comprehensive evaluation, the overall evaluation level is determined. Then, the energy saving and emission reduction effects for electricity retailers is sorted by quantifying the evaluation levels. The results of example analysis show that the method applied to the evaluation of energy saving and emission reduction effects for electricity retailers in China can fit the characteristics of the evaluation indicators with a good performance. At the same time, it can also draw a reasonable evaluation result.
The main research findings of this paper are as follows:
(1) Choose the emerged electricity retailers as evaluation objects and take the qualitative factors of policies into consideration in the process of constructing the indicator system. Therefore, the indicator system that is proposed in this paper can better reflect the specific impact of the new electric power reform, energy planning and transformation, and the carbon market construction on China's current energy saving and emission reduction actions in the electricity sales side. In a word, it enlarges the research scope for market players in China's electricity sales side on the evaluation of energy saving and emission reduction effects and it improves the totality of the existing evaluation indicator system in the electric power industry. (2) Apply the fuzzy combination weighting method into the evaluation of energy saving and emission reduction effects for electricity retailers. The weights of indicators given by combining AHP and entropy weight method are more comprehensive, accurate, and scientific. Moreover, qualitative indicators can be reasonably quantified through the multi-level fuzzy comprehensive evaluation, which helps to provide a valid method for electricity retailers that are actively involved in the current electricity sales market in China to assess the effects. Therefore, it gives the reference point for electricity retailers in China to realize the sustainable development in the sales side effectively by means of taking timely and appropriate actions on energy saving and emission reduction, implementing the concept of low carbon electricity to improve their core competitiveness.
We will focus our future research on the following points:
(1) With the continuous improvement of China's electric power reform, energy planning and transformation, and the carbon market construction, timely interpretation of policy documents will be conducted so as to analyze the implications and impacts on energy saving and emission reduction actions of electricity retailers. Furthermore, the selection of indicators will be carried out around the latest market environment, and the existing evaluation indicator system will be improved and revised. (2) In the future research, according to the actual operation status of electricity retailers and the availability of data, we will consider converting some qualitative indicators into quantitative ones. To improve the reliability of evaluation results, the quantification process based on the expert scoring method will be replaced by actual data. (3) Based on the data distribution of indicators, we will study the corresponding membership function in the middle and later time of the sales market development. Then, the fuzzy evaluation value will be calculated by means of the explicit membership function and a more scientific and practical evaluation method will be realized.
(7) Energy management contract projects
It is a business operation mode in which the electricity retailers provide a set of energy saving services by signing contracts with customers and then recover investment and profits from the benefits obtained by customers after the energy saving renovation. The output value is usually measured in 10,000 yuan.
(8) Quality of energy saving and management design
The energy saving management design can cover many fields such as industry, construction, lighting, power grid, power plant and so on. The quality of design includes the energy saving technology provided by electricity retailers, the degree of integration and utilization of existing resources, the effectiveness of energy conservation, etc., which requires experts to evaluate from several aspects.
(9) Level of carbon asset management services Carbon asset management services include carbon verification and carbon asset development. The electricity retailers assist the emission control companies in completing the greenhouse gas emission verification and develop carbon assets based on the actual gap or surplus. The assessment includes the quality of writing carbon emissions reports, the timeliness of verification work, the ability to use carbon financial instruments to achieve asset appreciation, etc., which also needs to be evaluated by experts from multiple aspects.
